The subnuclear distribution of replication complex proteins is being recognized as an important factor for the control of DNA replication. Herpes simplex virus (HSV) single-strand (ss)DNA-binding protein, ICP8 (infected cell protein 8) accumulates in nuclear replication domains. ICP8 also serves as helper function for the replication of adeno-associated virus (AAV). Using quantitative 3D colocalization analysis we show that upon coinfection of AAV and HSV the AAV replication protein Rep and ICP8 co-reside in HSV replication domains. In contrast, Rep expressed by a recombinant HSV, in the absence of AAV DNA, displayed a nuclear distribution pattern distinct from that of ICP8. Colocalization of Rep and ICP8 was restored by the reintroduction of single-stranded AAV vector genomes. In vitro, ICP8 displayed direct binding to Rep78. Single-stranded recombinant AAV DNA strongly stimulated this interaction, whereas doublestranded DNA was ineffective. Our ®ndings suggest that ICP8 by its strong ssDNA-binding activity exploits the unique single-strandedness of the AAV genome to form a tripartite complex with Rep78 and AAV ssDNA. This novel mechanism for recruiting components of a functional replication complex directs AAV to subnuclear HSV replication compartments where the HSV replication complex can replicate the AAV genome.
INTRODUCTION
Adeno-associated virus (AAV)-based gene therapy vectors have become increasingly successful over recent years. Their widespread application requires highly ef®cient production methods. Since the development of herpes simplex virus (HSV)-based packaging systems for recombinant AAV vectors (1) the interaction of AAV with its helper virus HSV has raised increasing interest. The AAVs rely on either adenovirus or a herpes group virus for productive infection (2) . In the absence of a helpervirus, AAV type 2 integrates into the host cell genome with a high preference for a speci®c site on human chromosome 19q13.3qter (3±5). AAV contains a 4.7 kb linear ssDNA genome with two open reading frames, rep and cap, which are¯anked by 145 bp inverted terminal repeats (ITRs). These comprise the origins of replication, the packaging signal and serve as cis elements for chromosomal integration. AAV encodes three capsid proteins, and four overlapping, non-structural proteins. These comprise Rep78, a C-terminally spliced variant, called Rep68 and N-terminally truncated versions of either protein, called Rep52 and Rep40. The Reps are multifunctional regulatory proteins required for most steps of the AAV life cycle including DNA replication, gene expression, chromosomal integration and viral packaging (2) .
We have previously identi®ed a subset of six out of seven HSV replication genes as helper functions for productive AAV replication (6) . Of these, the HSV ssDNA-binding protein (ssDBP) (ICP8) encoded by the UL29 gene, and a three-component helicase/primase complex encoded by the genes UL5, UL8 and UL52 are suf®cient to support AAV replication. The two subunit HSV DNA polymerase (UL30/UL42) is not necessary but enhances AAV replication, both in vivo (6) and in vitro (7) . The HSV origin-binding protein (UL9) is dispensable. This ®nding appears to re¯ect the lack of sequence similarity between the HSV origins and the AAV-ITRs that serve as AAV origins of replication. AAV Rep78/68 is required for AAV DNA replication initiated at the hairpin-structured AAV-ITRs. Rep78/68 binds to the Repbinding site (RBS), unwinds the ITR due to its ATP-dependent helicase activity and introduces a single-strand nick at the adjacent terminal resolution site (trs) (8±10). Due to these activities Rep can be regarded as an AAV ori-binding protein and initiator of AAV DNA replication. The aim of this study was to test whether on AAV templates comprising the ITRs, Rep functionally replaces the HSV origin-binding protein (UL9) in the sense that Rep is able to recruit components of the HSV replication complex to the single-stranded AAV genome.
HSV ICP8, one of the key functions for HSV-induced AAV replication was considered as the prime candidate for a direct interaction partner of Rep (6) . The biochemical activities of puri®ed ICP8 as a key component of the HSV replication complex have been extensively studied [reviewed in (11) ]. Binding of ICP8 to ssDNA is highly cooperative, but without obvious sequence speci®city. Unwound ssDNA regions will be covered by ICP8, which keeps them in an extended conformation (12, 13) . In vitro studies demonstrated that ICP8 represents the ®rst HSV replication protein to be recruited by the HSV ori-binding protein (UL9) to assist ATP-dependent ori unwinding (14) . ICP8 enhances the assembly of the HSV replication complex by interaction with the UL8 subunit of the helicase±primase complex (15) and by stimulation of polymerase processivity (16) . Conventional and confocal microscopy described the accumulation kinetics of ICP8 in nuclear HSV replication centers: at 2±3 h post-HSV infection ICP8 colocalizes to HSV DNA within punctate pre-replication sites. These are the precursors of active HSV replication compartments that fuse to larger globular structures by 4±6 h post-infection (p.i.) (17, 18) .
Here we present a recombinant HSV that expresses Rep from its cognate AAV promoters. It serves as a tool to study the kinetics and subcellular distribution of Rep and ICP8 at the single cell level by closely mimicking conditions found upon coinfection with HSV and AAV. 3D-immuno¯uorescence and quantitative colocalization analysis reveals that Rep and ICP8 colocalize in HSV replication compartments in dependence of single-stranded AAV genomes. Rep and ICP8 also interact in vitro. The interaction is strongly enhanced by the presence of single-stranded but not double-stranded AAV template DNAs.
MATERIALS AND METHODS

Cells and viruses
Mouse hybridoma cells producing mAb 76.3, 303.9 or 39S (HB8180, ATCC) were grown as outlined previously (19) . BHK-21 cells and HSV strain 1802 were grown as described (20) . AAV-2 stocks were grown on HeLa cells as described (6) .
Plasmids
For construction of psub201lac the XbaI fragment of psub201 (21) comprising nucleotides 191±4485 of AAV-2 devoid of the ITRs (GenBank accession number J01901) was inserted into pFJ3 (20) downstream of the SV40-promoter-driven lacZ gene to give psub201lac. For construction of the N-terminal GST±ICP8 fusion construct, HSV UL29 gene was PCRampli®ed from pCM-DBP (22) and assembled in pGEX-4T1 (Pharmacia) to yield pGEX-ICP8.
Generation of rHSVrep/cap
HSV virions were puri®ed from supernatants of infected BHK cells and high molecular weight HSV DNA was extracted. The XbaI-¯anked AAV-2 rep/cap cassette of psub201lac was inserted into the unique XbaI site of HSV-1 strain 1802 by DNA ligation and transfected into BHK cells, as outlined previously (20) . HSV plaques were puri®ed for several plaque rounds at limiting dilution when 100% of the resulting plaques tested positive for lacZ and AAV cap gene expression. One recombinant HSV plaque was selected at random to yield rHSVrep/cap virus stocks.
Western blot analysis
Protein extracts, gel electrophoresis and western blotting followed the protocols in Harlow and Lane (23) . For Rep detection mAb 303.9 was used (24), for AAV Cap, mAb B1 (Progen, Heidelberg) with an anti-mouse peroxidase coupled secondary antibody detected by enhanced chemiluminescence according to the procedure given by the manufacturer (Amersham Life Science).
Double-label immuno¯uorescence
For AAV Rep and HSV ICP8 colocalization analysis, an established double-labeling immuno¯uorescence procedure for two mouse monoclonal primary antibodies was used (25±27). Discrimination was achieved by using an excess of labeled F(ab) fragments to detect the anti-Rep mAb of the ®rst step and ensure complete blocking of free Fc tails. The amount of Cy3-conjugated goat F(ab) fragments of anti-mouse IgG (Dianova) required was titrated on Rep-expressing cells stained with the anti-Rep mAb and post-stained with the Alexa 350-conjugated goat anti-mouse IgG (Molecular Probes) used as secondary antibody in the second step. Rep staining was entirely blocked beginning at a dilution of 1:1000. A dilution of 1:500 was subsequently used.
First step. Cells were grown on cover slips, ®xed 5 h p.i., and anti-Rep mAb 76.3 was applied as outlined above. After three washings in PBS (see above) 150 ml of PBS containing 1% BSA and a 1:500 dilution of Cy3-conjugated goat F(ab) fragments of anti-mouse IgG(H+L) (Dianova) were added for 15 min at room temperature followed by three washings in PBS.
Second step. A 1:10 dilution of the 39S anti-ICP8 hybridoma supernatant was prepared in PBS containing 1% BSA. Cover slips were incubated with 150 ml for 15 min at room temperature followed by three washes in PBS (see above) followed by a 15 min incubation with 150 ml of PBS containing 1% BSA and a 1:100 dilution of an Alexa 350-conjugated goat anti-mouse IgG (Molecular Probes).
Rep was visualized with a 575±640 nm ®lter (BP 546, FT 560). ICP8 was visualized using a LP 397 ®lter (BP 365 FT 395). The choice of¯uorophores and ®lters allowed complete separation of¯uorescence channels. The data displayed as Supplementary Material Figure 5 show that the double staining protocol allowed complete discrimination of the two antibody stainings. Colocalization of Rep and ICP8 was analyzed after 3D reconstitution of deconvolved two-channel images (see legends of 
Microscopy and imaging
Image acquisition was performed with a motorized Zeiss Axiophot 2 wide®eld microscope equipped with a Zeiss 63Q/ 1.4 NA Oil DIC objective, a 1.0±2.5Q Optovar, and a Princeton Instruments`Micromax' cooled (±15°C) slow-scan CCD camera (Kodak KAF-1400 chip). For acquisition of 3D image stacks a PIFOC objective z-stepper was driven by the piezo-ampli®er E662 LVPZT (Physik Instrumente, Germany). The microscopic set-up was integrated and controlled using the scripting feature of the IPLab for Macintosh software (version 3.2, Scanalytics, Fairfax). All 3D image stacks were acquired using the optimal sampling density derived from the optical set-up and the respective¯uorophor (z-step size b15 Q 300 nm). For each recording situation the point-spread function of the microscope was measured using¯uorescent 0.17 mm microspheres (PS-Speck Microscope Point Source Kit, Molecular Probes). In this way the complete experimental set-up was calibrated, and chromatic aberrations or pixel shifts caused by the¯uorophores and/or the microscope were amended. Following image acquisition, the raw data were exported to the Huygens System software (version 2.1.8, Scienti®c Volume Imaging B.V., Hilversum, The Netherlands) and digital deconvolution was performed using 50 iterations of the`iterative constrained Tikhonov-Miller regularized inversion method' (ICTM) algorithm. The restored image data set was visualized and processed with the Imaris software package (versions 2.6.8 or 3.0 for IRIX, Bitplane AG, Zurich, Switzerland; http://www.bitplane.com). Restored 3D images were analyzed with the colocalization software package (version 1.0 for IRIX, Bitplane AG) or ImarisColoc (version 4.0 for Windows2000, Bitplane AG). For details see ®gure legends and Demandolx and Davoust (28±30) and Rovere et al. (31) . The summed 3D image data were ®nally exported as TIFF ®les for assembly in Adobe Photoshop 5.02.
Puri®cation of GST±ICP8 fusion protein
Escherichia coli strain BL21 was transformed with pGEX-ICP8, grown at 30°C to an OD 600 nm of 0.6±0.8, induced with 0.2 mM IPTG for 3 h. Cells were harvested by centrifugation (2500 g, 10 min, 4°C) and soni®ed in lysis buffer [50 mM phosphate pH 7.8, 300 mM NaCl, 1% (v/v) Triton X-100, 0.1 mM PMSF]. Cell debris was removed by centrifugation (22 000 g, 10 min, 4°C) and the supernatant containing GST± ICP8 fusion protein was adsorbed to glutathione±Sepharose beads (Pharmacia) for 2 h at 4°C. The beads were collected by centrifugation (2500 g, 2 min, 4°C) and washed four times with lysis buffer.
GST pull-down assays 35 S-Labeled Rep78 was generated by coupled in vitro transcription/translation (Promega) in rabbit reticulocyte lysates with T7 RNA polymerase in the presence of 35 S-methionine and 35 S-cysteine according to the supplier's instructions. Equal proportions of labeled proteins were incubated with 5 mg of either GST alone or GST±ICP8 fusion protein bound to 20 ml glutathione±Sepharose beads for 2 h at 4°C in 1 ml binding buffer (25 mM HEPES KOH pH 7.5, 2% glycerol, 50 mM NaCl, 10 mM MgCl 2 , 1 mM DTT, 12.5 mg/ml bovine serum albumin, 0.01% Nonidet P-40 and 0.1 mM PMSF). For binding studies in the presence of DNA, a 3466 bp PvuI/AseI restriction fragment from pTR-UF5 (32) was used, with and without heat denaturation. Beads were washed ®ve times in 1 ml of binding buffer, boiled in SDS sample buffer and loaded on a 10% polyacrylamide gel. 35 S-Labeled Rep78 was visualized by autoradiography and quanti®ed by phosphoimager analysis (Molecular Dynamics).
RESULTS
Construction of a recombinant HSV expressing AAV genes
To study the interaction of HSV helper functions and AAV proteins at the single-cell level in the absence of replicating AAV DNA, a recombinant HSV was constructed that expressed the AAV promoter-driven rep/cap genes devoid of¯anking ITRs, as outlined in Figure 1 . To monitor AAV gene expression, extracts of rHSVrep/cap-infected BHK cells were analyzed on western blots with either anti-Rep mAb 303.9, or with anti-Cap mAb B1. Rep and Cap expression levels remained stable up to 72 h after rHSVrep/cap infection and are comparable with those of AAV replicating as free episome in the presence of HSV (Fig. 1) .
Subcellular localization of Rep in rHSVrep/cap-infected cells
The nuclear localization of Rep in rHSVrep/cap-infected cells and in cells infected with wild-type HSV and AAV was compared by immuno¯uorescence. Rep-positive nuclei became visible by 3 h p.i. The number of¯uorescent cells rapidly increased up to 7 h p.i., when over 90% of the cells were positive (refer to Supplementary Material Fig. 4) . The subnuclear distribution of Rep remained relatively homogeneous in rHSVrep/cap-infected cells, which is in agreement with previous reports (19, 24) . In contrast, cells coinfected with HSV and AAV displayed a more speckled staining pattern with foci of intense Rep staining that increased in size over time (data not shown). This pattern was reminiscent of developing HSV replication centers, where colocalization of ICP8 with other components of the HSV replication complex had been described previously (17, 18, 33, 34) . We therefore decided to analyze whether Rep and ICP8 colocalized in these nuclear domains by applying double-label 3D immunouorescence microscopy and quantitative colocalization analysis.
Colocalization of AAV Rep and HSV ICP8 in HSV replication centers requires the presence of AAV genomes
Colocalization of Rep and ICP8 was analyzed at 5 h p.i. as outlined in the Materials and Methods. 3D-immuno¯uores-cence with quantitative colocalization was performed by the aquisition of Z-axis stacks of the images in either¯uorescence channel. After correction for bleaching, the 3D images were restored from the data sets, as described in the Materials and Methods. Thus, a quantitative and valid measure of the spatial distribution of¯uorescence intensity in nuclei was obtained. The colocalization hypothesis was then tested under stringent criteria and the result of these calculations is graphically displayed in Figure 2 (colocalization). The fraction of green channel volume colocalized with red channel volume and the Pearson channel correlation in colocalized volume were calculated for a representative number of nuclei (Fig. 2) . In cells coinfected with HSV and AAV a speckled immuno¯uorescence pattern indicative of HSV replication centers was displayed by ICP8, and Rep perfectly colocalized to ICP8 (Fig. 2, AAV + HSV) . A similar ICP8 staining pattern was also seen in rHSVrep/cap-infected cells, but the Rep pattern was diffuse, with occasional small colocalizing spots. This difference in localization was surprising. The only obvious difference between an infection with rHSVrep/cap, which carries the entire AAV genome devoid of the ITRs, and a coinfection of HSV and of AAV was the presence of single-stranded AAV template DNA,¯anked by the hairpinstructured AAV-ITRs. Therefore, we decided to test whether the introduction of DNAs¯anked by AAV-ITRs into rHSVrep/cap-infected cells would change the nuclear localization pattern of Rep. Cells were transfected with a cloned AAV vector DNA (pTR-UF5), that carried a (green uorescent protein) gfp/neo expression cassette¯anked by AAV-ITRs, as the only AAV-derived sequence elements (32) . DNA transfection of cloned vector DNA rigorously excluded the presence of AAV wild-type virus and is routinely used as a standard procedure to initiate AAV replication and Rep78/68-dependent ssDNA formation. Controls showed that Rep expressed from rHSVrep/cap led to pTR-UF5 DNA replication and ssDNA formation in transfected cells (data not shown). As anticipated, a change in the nuclear localization pattern of Rep expressed from rHSVrep/cap was seen in the presence of transfected pTR-UF5 DNA. Rep moved to the nuclear sites where ICP8 was accumulating and was found to colocalize with ICP8 ( Fig. 2 ; panel: rHSVrep/cap and recombinant AAV). Controls with rHSVrep/cap-infected hybridoma 39S was applied and detected with Alexa 350-conjugated goat anti-mouse IgG in the`blue' channel. Since blue color poorly reproduces on printed color panels, the Alexa 350 staining is represented as green false color (anti-ICP8 panel). For 3D-colocalization analysis the raw data set was restored using the ICTM algorithm of the Huygens 2 software (see Materials and Methods). The digitally deconvolved 2-channel 3D image was exported to the colocalization 1 software and to ImarisColoc for quantitative analysis, respectively. Following channel de®nition, a 2D histogram was calculated and a polygonal region was selected. This region was chosen by creating a selection proposal from the AAV + HSV data set.
The threshold values and the histogram region were stored and applied to all data sets. After calculating the colocalization map, the colocalization voxels were displayed in blue color. The standard deviation of the intensities of all colocalization voxels in a map was found to be`8%. To facilitate navigation within the image the highlighted colocalization voxels were merged to a summed image (colocalization panel). Values given in the upper left edges of green and red panels are maximum¯uorescence intensities measured within the raw 3D data set. The percent of green channel volume colocalized with red was calculated in ImarisColoc (Bitplane AG) for n = 6 nuclei and is given as mean T SD in the upper left edges of the colocalization panel. The Pearson channel correlation in colocalized volume is given in the upper right edges of the colocalization panel (1 is perfect colocalization, 0 no correlation and ±1 perfect inverse correlation). Recombinant AAV is transfected pTR-UF5 DNA. Material Fig. 5 ). In summary, upon rHSVrep/ cap infection the mere presence of AAV-ITR-¯anked DNA led to a profound nuclear redistribution of Rep resulting in subnuclear colocalization with ICP8.
Interaction of AAV Rep78 and HSV ICP8 in vitro and enhancement by ssDNA
The in vivo colocalization analysis was suggestive of an interaction of AAV Rep and HSV ICP8 in dependence of AAV-ITR-¯anked, ssDNA genomes. To provide independent evidence for this assumption, the interaction of ICP8 and Rep was analyzed in vitro. GST-tagged ICP8 was puri®ed and tested for binding of in vitro-translated Rep78 in GST pulldown assays. A weak but speci®c interaction of ICP8 and Rep78 could be seen repeatedly (Fig. 3A, lane 3) . This interaction was not affected by the addition of increasing amounts of gel-puri®ed double-stranded AAV vector DNA that comprised the 145 bp AAV-ITR sequences at either end. In contrast, AAV vector DNA in the ssDNA conformation enhanced ICP8±Rep78 interaction >10-fold (Fig. 3A , lanes 5 and 9; for quanti®cation see B). ssDNA templates were generated by heat denaturation followed by snap cooling on ice. Under these conditions AAV ITR-¯anked DNA adopts a ssDNA conformation¯anked by 145 bp hairpin-shaped AAVITRs (35) . The ®nding of a direct interaction of ICP8 and Rep in the absence of DNA (Fig. 3A, lane 3) in conjunction with ICP8's known strong, cooperative and non-speci®c ssDNAbinding activity suggested the formation of a tripartite complex. This was supported by the 5-fold enhancement of the ICP8±Rep78 interaction in the presence of ssDNA devoid of AAV-ITRs and Rep-binding sites ( Fig. 3C and D ; +/±RBS). The even stronger interaction in the presence of ssDNA including the AAV-ITRs is likely due to Rep binding, since site-speci®c Rep78/68 binding to the double-stranded RBS in the hairpin-shaped AAV-ITRs has been recognized as an important step for AAV DNA replication in vivo (35, 36) . In summary, the AAV single-strand-dependent colocalization of Rep and ICP8 in vivo in infected cells is re¯ected by the demonstration of a direct in vitro interaction of puri®ed ICP8 and Rep78 and its strong stimulation by AAV ssDNA. Taken together, these ®ndings suggest that ICP8 and Rep form a tripartite complex with ssDNA. It is assumed that these interactions redirect Rep and the incoming single-stranded AAV genomes to the nuclear HSV replication domains, the assumed site for AAV DNA replication by the HSV replication machinery. This is the ®rst report to show that AAV Rep colocalizes and directly interacts with a component of the HSV replication complex that we identi®ed before as being required for productive AAV replication (6) . Although Rep has been shown to interact with a variety of cellular proteins (37, 38) the direct interaction with the product of genetically identi®ed HSV or adenovirus helper functions has as yet not been described. The strong enhancement of ICP8 and Rep interaction by ssDNA was unexpected for the following reasons: when expressed alone either of the two interacting proteins displayed a diffuse and uncharacteristic nuclear staining pattern (17±19,24,39,40 ). In addition, the diffuse staining pattern of Rep did not change, either during the accumulation of ICP8 in nuclear replication compartments upon HSV infection of Rep-expressing cells (unpublished observation), or upon infection with a Rep-expressing ICP27-defective HSV mutant (1). Here we show that the nuclear localization of Rep is highly dynamic in dependence of ICP8 and of singlestranded AAV template DNA.
Possible roles of HSV replication compartments for AAV replication HSV DNA replication leads to a profound change in the nuclear architecture. HSV DNA accumulates adjacent to nuclear domains, called ND10 where HSV transcription and DNA replication initiate in close proximity to these domains (41, 42) . Upon HSV infection, ICP8 quickly accumulates in small, punctate nuclear pre-replicative sites adjacent to ND10 domains (33, 39, 43, 44) . These eventually fuse to HSV replication compartments where ICP8 was shown to colocalize to HSV DNA and to the other components of the HSV replication complex (18, 33, 34) . Co-expression of the seven HSV replication genes together with an HSV origin was shown to be suf®cient for the formation of mature HSV replication compartments (33, 34) . Furthermore, a subassembly of four proteins consisting of ICP8 and the helicase± primase complex was suf®cient for the formation of pre-replication foci (33, 45) . We showed previously, that a complex of exactly these four proteins is suf®cient for AAV replication (6) . The recent ®nding that ICP8 in conjunction with the helicase±primase complex was able to catalyze DNA strand exchange and homologous DNA recombination in vitro (46) , may help to explain the resolution of AAV DNA replication intermediates in HSV infected cells. AAV DNA replication is dependent on Rep78/68 binding to the AAV origin, similarly as is HSV DNA replication dependent on UL9-binding to the HSV origins. UL9 contacts ICP8, which then covers the unwound DNA strands of the nascent replication bubble (14) . The direct interaction of ICP8 and Rep78 shown in this study provides evidence for the assumption that the AAV origins can serve as heterologous replicons. We envision, that template bound Rep, in analogy to UL9 can recruit ICP8 and thereby attract the required components of the HSV replication complex.
In adenovirus-infected cells single-stranded adenovirus-DNA was shown to colocalize with the adenovirus ssDBP. In contrast to HSV, the adenovirus nuclear replication centers were shown to be spatially separated from the sites of adenovirus transcription (47) . ssDBP constitutes one of the adenovirus helper functions for AAV replication, whereas the other helper functions are transcription or translation factors (2, 48) . In cells coinfected with AAV and adenovirus, ssDBP was shown to display a nuclear immuno¯uorescence pattern similar to that of AAV Rep. Further analysis was however hampered by the fact that high levels of Rep78 severely inhibited the formation of mature adenovirus replication centers (49) . This ®nding may re¯ect the recent description of a Rep78 domain that inhibits adenovirus replication by a protein kinase A-dependent mechanism (50). It will be interesting to see how comparable the roles of ssDBP of adenovirus and HSV ICP8 are during AAV replication.
Biochemical activities of ICP8 and Rep
The apparent binding constant (Ka) of ICP8 on ssDNA has been reported to lie in the range of 10 6 M ±1 (51, 52) . ICP8 fully coats ssDNA templates, as demonstrated by EM analysis (16, 53) with the C-terminal 60 amino acids shown to be essential for cooperativity (52) . Both EM analysis and in vitro binding studies showed that Rep78/68 binds site-speci®cally to the double-stranded RBS of the hairpin-structured AAV-ITRs, and to the homologous sequence on human chromosome 19 (8, 35, 54, 55) . This opens the possibility that ICP8 covers ssAAV DNA without competing with Rep, which binds site-speci®cally to the double-stranded, hairpinstructured AAV-ITRs. Since quantitative Rep binding data on various DNA templates comparable with those of ICP8 are not available, a possible contribution of Rep ssDNA binding cannot be excluded. Alternatively, a tripartite complex on ssDNA devoid of ITRs may be formed via direct Rep±ICP8 interaction further enhanced by ITR-speci®c binding of Rep. The analysis of the interactions of AAV-Rep with components of the HSV replication complex will add to our understanding of how the heterologous AAV origins can be used as templates for the HSV replication complex. The detailed understanding of these mechanisms will also help to optimize packaging systems for recombinant AAV vectors based on engineered HSV-strains, one of the most promising tools for ef®cient AAV vector production.
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